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ABSTRACT : PURPOSE: To reduce sharply a collector resistance by connecting a metal wiring leading 
out a collector region into a substrate surface with an insulation formed in an end side of a 

polycrystalling silicon film through a low resistance collector layer formed by 
self-registration. 

CONSTITUTION: A polycrystalline silicon layer 9 contacts directly a substrate surface of 
an overlapping region in a collector led-out region side, and it contacts through a thin 
insulating film 4 in a base led-out region side, an emitter region 17 is formed in a base 
region from a contacting face in the collector led-out region side. In the collector led-out 
region, a recessed portion which is shallower than the substrate surface and the collector 
region and is deeper than the base region is formed, and a collector surface 18 is exposed 
in a recessed portion bottom, and a recessed portion side is covered with an insulating 
film 15. Electrodes 26, 24 and 25 of emitter, base and collector are led-out respectively 
from a polycrustalline silicon layer 9, a base led-out region surface and the recessed 
portion bottom 18. 
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described above can significantly broaden the domain of prac- 
tical application of nonlinear CAD methods. 
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Indexing terms: Bipolar devices. Semiconductor devices and 
materials, Transistors 

A novel, doubly self-aligned process technology for AIGaAs/ 
GaAs heterojunction bipolar transistors (HBT) has been 
developed. This doubly self-aligned process enables self- 
alignment for all emitter, base, and collector contacts and the 
fabricated device occupies an area approaching the intrinsic 
device area. The resulting base-collector capacitance of a 
fabricated device is reduced below half of the base-collector 
capacitance of conventional devices. The reductions in the 
capacitance are reflected in the superior cutoff frequency and 
maximum oscillation frequency of the doubly self-aligned 
devices as compared with conventional devices. 



Heterojunction bipolar transistors (HBTs) are promising for 
both microwave and digital switching applications and laser 
drivers in optoelectronic ICs. 1 One of the most important 
parameters of HBTs is the base-collector capacitance, C^. 
From a circuit standpoint, it is desirable to decrease the base- 
collector capacitance, even though the base resistance may be 
increased. 2 This letter presents the device structure, pro- 
cessing description and preliminary high frequency character- 
istics of a new doubly self-aligned HBT aimed at decreasing 
this capacitance. In this doubly self-aligned process, both the 
base and the collector are self-aligned to the emitter through 
the use of a twe-cmitter-mesa geometry. Consequently, the 
base-collector capacitance is reduced in two ways in the 
doubly self-aligned HBT as compared to conventional devices. 
In conventional devices, any base-collector misalignment 
requires a nonzero spacing, between the collector and the 
base contacts. This spacing contributes to an additional para- 
sitic capacitance to the intrinsic C^. With the present process, 
the need for this additional spacing is eliminated and is 
thus reduced to a minimum. In addition, the use of the two- 
emitter-mesa geometry shrinks the device width to half that of 



the conventional device, while maintaining the same trans- 
conductance. 2 Therefore, is reduced as the overall device 
area is halved. 

The epitaxial layer structure of the doubly self-aligned HBT 
was grown by molecular beam epitaxy, and includes: a 6000 A 
subcollector, a 3500A n~ collector at 5 x I0 l6 /cm\ a 900A 
p + base at 1 x I0 19 /cm 3 , a 900 A n" emitter at 5 x 10 l7 /cm 3 . 
The emitter consists of three regions; a 300 A thick layer para- 
bolically graded between the base and the centre of the 
emitter with the Al mole fraction, x, graded from x = 0 to 
x - 0-3, a centre 300 A region with x = 0-3, and a final 300 A 
thick layer linearly graded from x = 0-3 to x = 0. On top of 
this emitter region is a 600 A thick InGaAs contact layer to 
facilitate non-alloyed ohmic contact. A 100 A undoped spacer 
layer is inserted between the emitter and the base to prevent 
Be diffusion from the base into the emitter. 

The schematic cross-sectional view of a doubly self-aligned 
HBT is shown in Fig. 1. The process begins with a dual 
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Fig. 1 Doubly self aligned HBT structure with base between two 
emitter-mesas 

proton implant to define the active device area. Next, a layer 
of W is sputter deposited on the entire surface. A Ti/Al metal 
layer is evaporated and then selectively lifted-off using the 
emitter mask. The metal emitter contacts are subsequently 
used as a natural mask to permit the removal of the unwanted 
W by reactive ion etching (RIE) with C 2 F 6 and SF 6 . The 
emitter contacts are again used as a mask to wet-etch the 
regions other than the emitter mesas down to approximately 
700 A above the p + base layer. The depleted AIGaAs pr tec- 
tion ledges, thus formed, have demonstrated suppression of 
surface recombination. 3 A layer of silicon nitride is then 
deposited by plasma enhanced chemical vapour deposition 
(PECVD). This nitride is then etched with RIE, leaving only 
sidewall nitride covering the sides of the emitter mesas. 

Next, the base photolithography is performed. The align- 
ment of the base to the emitter is not critical because of the 
two-emitter-mesa geometry employed in in the process. As 
shown in Fig. 1, L b denotes the base contact length, and L e , 
the emitter contact length. The base length on the mask is 
designed by L b + L e so that even with a misalignment of 
l/ZL e , the base metal of length L b falls on the base region as 
desired. The extra base metal of length L e is distributed on the' 
top of the two emitter mesas. Following the base lithograhy, 
wet etching is used to etch down to the p + base. A non- 
alloyed base metal of Ti/Pt/Au is evaporated and lifted-off. 
Similarly, the collector is self-aligned to the emitter. The col- 
lector length on the collector mask is designed to be L e +- L„ 
allowing for a misalignment of \/2L t . The only difference is 
that the defined collector region is wet-etched to the n* sub- 
collector and an alloyed Au/Ge/Ni/Au contact is used to 
contact the collector. 

One c nsequence of the doubly self-aligned process is the 
ease of interchanging the base and collector masks since both 
masks are self-aligned to the emitter. The structure of Fig. 2 
results when the masks are interchanged. This structure has 
the advantage that the collector is fabricated prior to the base 
contact Consequently, proton bombardment underneath the 
base contacts, which can be used to reduce the base-collector 
capacitance, can be performed without any possibility of the 



implantation damage being annealled out because of the 
alloying of collector contact at high temperatures. 
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Fig. 2 Doubly selfrligned HBT device with base and collector contacts 
interchanged 

The transistor characteristics have been measured. Devices 
of both structures in Fig. 1 and Fig. 2 demonstrate similar DC 
characteristics. Fig. 3 shows the common emitter character- 
istics of a typical HBT device with L. x W m = 3 x lQ m *. The 
small signal current gain at low current is 40, and a maximum 

"7!^ of / 5 » obtained at a collector current density of 
2-5 x 10 A/cm 1 with a breakdown voltage of 8 V and an 
oftset voltage of 0-3 V. The ideality factor for the collect" 
current in a Gummel plot approaches M, and the ideality 
factor for the base current ranges between 1-4 and 1-6. Pre- 
hnunary high frequency performances of the devices have also 
been measured Fig. 4 shows the cutoff frequency, and the 
maximum osallanon frequency. of deWce structures of 
f igs. 1 and 2 as a function of collector current All devices 
shown have L = 2/im and a total emitter area of 16 /an 2 . The 
base length L b ,s also 2 fan. Conventional devices with L. 

xW < = } * W and L x of 3/nn were fabricated on the 
same wafer for comparison. Both f T and f of the conven- 

5£ tTT ^ ^ than &e fre <^ perfoma^e 
of the structures m Figs. 1 and 2 throughout the current ranee 

XT 1*1^ /r for the conventional deviceTi «fe 
and the highest f m is 28 GHz. 

aJi^H 1 ^ 0 ?* u C *? aVe dcm0I «trated a novel doubly self- 
ahgned HBT technology. This doubly self-aligned process 
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Fig. 3 Gummel plot of typical device 
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enables self-alignment for all emitter, base, and collector con- 
tacts. The fabricated device thus occupies an area approaching 
AO. 
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Fig* 4 f T andf^ against collector current 
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the intrinsic device area, without extra area necessary for mis- 
alignment tolerances. In addition, by using the two-emitter- 
mesa geometry, this process shrinks the device width to half 
that of the conventional device while maintaining the same 
transconductancc The reductions in the parasitics are reflec- 
ted in the superior cutoff frequency and maximum oscillation 
frequency of the doubly self-aligned devices 
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HIERARCHICAL MEAN-RESIDUAL IMAGE 
VECTOR QUANTISER USING 
G RADI ENT- LAP LACI AN SUBSPACE 
DISTORTION _ si~r*r ^lorn 

Indexing terms: Image processing 

A new hierarchical mean-residual image vector quantiser 
(HMRIVQ) using a general 4«iiraensional gradiem- 
Uplacian subspacc distortion (GLSD) is proposed. With the 
use of the GLSD the computational and storage costs of the 
encoder are significantly reduced. The HMRIVQ can also 
achieve a very high compression rate for low detailed images. 

Introduction: Vector quantisation (VQ) has been successfully 
applied to both speech and image coding. 1 - 3 Currently most 
of the image VQ techniques have been used small and fixed 
block size throughout the coding process. The compression 
rate is therefore limited to between 8 and 16. In rder to 
tackle this problem, Vaisey and Gersho 4 proposed a variable 



